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[57] ABSTRACT

To produce a gas mixture by the saturation method,
liquid is fed from a stock vessel to a separate reaction
vessel. A carrier gas enters through a dip tube into the
liquid present in the reaction vessel and i1s saturated by
the liquid. The reaction vessel consists, for example, of
quartz and is disposed in a metal block connected to a
temperature control system. A level sensor fitted to the
reaction vessel controls a flow regulation instrument on
the liquid feed. The volume of the reaction vessel is
substantially smaller than the volume of the stock ves-
sel. Only the temperature of the reaction vessel 1s con-
trolled. Temperature control of the stock vessel 1s not
required. The saturation process in the reaction vessel -
takes place uniformly, independently of the temperature
and the level in the stock vessel.

14 Claims, 1 Drawing Sheet
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APPARATUS FOR PRODUCING A GAS MIXTURE
BY THE SATURATION METHOD

BACKGROUND OF THE INVENTION

The invention relates to an apparatus for producing a
gas mixture by the saturation method, wherein a stock
vessel is provided for storing a liquid to be mixed with
a carrier gas and a dip tube is provided for introducing
the carrier gas into the liquid.

Such devices are used for producing a continuous
volumetric flow of a defined mixture of a carrier gas
and an additive. The saturation method according to
current practice (VDI guideline 3490, sheet 13) in-
volves passing the carrier gas through the liquid (con-
densed phase of the additive) maintained at a defined
temperature and thus saturating it. The volume content
of the additive is determined by the partial pressure of
the additive, relative to the total pressure of the gas
mixture at the particular temperature.

These prior art devices are used as sources of sub-
stances for special processes in semiconductor manufac-
ture, such as, for example, for chemical vapor deposi-
tion processes, doping processes and diffusion pro-
cesses, but additionally, also for deposition processes for
the production of optical fibers.

The particular difficulties of these methods consist
above all in maintaining an accurately constant concen-
tration of the additive in the gas mixture. In the produc-
tion of optical gradient fibers, it is also necessary to run
with a precisely predetermined concentration profile.

It is a common feature of all the devices of the ge-
neric type thus far described that the saturation of the
carrier gas take place in the stock vessel containing the
liquid. The carrier gas is introduced through a dip tube
‘into the liquid and bubbles upwards while being satu-
rated with the additive from the liquid phase. The re-
sulting degree of saturation depends on the path length
covered by the gas bubbles through the liquid and,
therefore, changes when the level in the stock vessel

decreases.

In order to eliminate temperature effects, the entire

stock vessel must be maintained at the desired tempera-
ture by means of a temperature control system. There-
fore, after an exchange of the stock vessel, which is also
called feed vessel, the device is ready for operation only
after a prolonged period, when the entire liquid stock
has reached the predetermined temperature. The de-
sired change in the liquid temperature can therefore
usually be set only after a wait of several hours.
These known devices for producing a gas mixture by
the saturation process are also called “bubblers” be-
cause of the gas bubbles rising from the dip tube or

fritted tube; the volumetric flow is regulated by control-

ling the mass flow the carrier gas.

SUMMARY OF THE INVENTION

It is the object of the invention to provide a device of
the aforedescribed type which allows the quantity of

added substance and hence the degree of saturation of 60

the gas mixture produced to be kept precisely constant
under any operating conditions and by means of which
a relatively rapid and controlled change in concentra-
tion can also be effected. |

According to the invention, this object is achieved
when the stock vessel is connected via a liquid line to a
separate reaction vessel to which the carrier gas 1s fed
via the dip tube, when the volume of the reaction vessel

d

2

is substantially smaller than the volume of the stock
vessel, when the reaction vessel has a contactless level
sensor which controls a flow regulation instrument in
the liquid line leading to the reaction vessel, and when
the reaction vessel is fitted with a temperature control

system.
In contrast to known devices, the saturation of the

- carrier gas takes place, according to the invention, in
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the separate reaction vessel and not in the stock vessel.
The reaction vessel can therefore have a substantially
smaller volume than the stock vessel, so that substan-
tially improved control of engineering behavior with
respect to time is obtained. The reaction vessel remains
at its predetermined operating temperature even after a
transfer of liquid from the stock vessel and is therefore
immediately ready for operation. The small volume of
the reaction vessel allows a rapid change in temperature
if this is necessary, as for example when setting up a
concentration gradient. Temperature change of the
reaction vessel can therefore be achieved within a few
minutes, whereas several hours were necessary for this
purpose in known devices.

The quantity of liquid present in the stock vessel can
be exhausted down to a very small residue without
adversely affecting the saturation process which takes
place in the separate reaction vessel. Compared with
this, a residue of about 20% of the original quantity of
liquid had to remain in the bubbler vessel in conven-
tional devices, since it was otherwise impossible to ob-
tain adequate saturation of the carrier gas leaving the
dip tube. | |

Since the liquid level in the separate reaction vessel is
kept constant by means of the level sensor and the tlow
regulation instrument, independently of the quantity of
liquid present at the time in the stock vessel, the satura-
tion of the carrier gas and hence—if the mass flow of
the carrier gas stream is controlled—the content by
volume of the additive in the carrier gas can be kept
constant with high accuracy. This is of particular 1m-
portance, for example, if the additive is a doping agent
used in semiconductor manufacture. - o

In order to exclude the possibility of a contamination
of the additive, for example a doping agent, by a chemi-
cal reaction of the vessel wall with hydrolysis products
caused by traces of water in the carrier gas, it suffices to
make the reaction vessel of quartz. The stock vessel,
however, can consist of glass, since no carrier gas flows
through the liquid in the stock vessel. It is not necessary
to provide a temperature measurement pocket in the -
stock vessel, in which case it would not be possible to
exclude the risk of breakage with sufficient certainty.

" The stock vessel is operated in a virtually unpressur-

ized state, so that improved safety is provided. The glass
container of the stock vessel can be plastic-lined, since

no temperature control of the stock vessel 1s necessary.
The result is that aggressive liquid cannot escape even if
the glass breaks.

Preferably, the reaction vessel consisting of quartz is
disposed in a metal block connected to a temperature
control system, in order to ensure a uniform tempera-
ture distribution. In order to adjust the liquid rate com-
ing from the stock vessel which is not temperature-con-
trolled to the set temperature of the reaction vessei, the
liquid line preferably passes through one or more holes

in the metal block to the reaction vessel.

Further advantageous embodiments of the inventive

- concept are the subject of further subclaims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advan-
tages of the present invention will be more fully appre-
ciated as the same becomes better understood when
considered in conjunction with the accompanying
drawings, in which like reference characters designate
the same or similar parts throughout the several views,
and wherein: |

FIG. 1 shows a device substantially in vertical section
for producing a gas mixture by the saturation method,
having a stock vessel and a separate reaction vessel, and

FIG. 2 shows a reaction vessel which has been modi-
fied as compared with the design according to FIG. 1,
likewise as a vertical section. |

DESCRIPTION OF PREFERRED EMBODIMENT

A carrier gas, for example nitrogen, is fed through a
gas feed line 1 to a stock vessel 2. The stock vessel 2 1S
made of glass and contains a liquid 3 which is to be
admixed, in the gas phase, with the carrier gas. The
carrier gas takes up the space located above the liquid in
the stock vessel 2 and forces the liquid through a riser 4
into a liquid line 5 which leads to a reaction vessel 6.

The reaction vessel 6 is lined with quartz and 1s sur-
rounded by a metal block 7. On the reaction vessel 6, a
contactless level sensor 8 is fitted. The sensor may be,
for example, a photoelectric cell or a capacitive initiator
which is connected via a control line 9, shown dotted in
FIG. 1, with a valve 10 which is the actuator in the
liquid line 5. Together with the valve 10, the level sen-
sor 8 forms a simple two-point controller which serves
to maintain a given level in the reaction vessel 6. In
place of the layout shown, the valve 10 can also be
fitted in the carrier gas line 1 leading to the stock vessel
2.

For keeping the temperature of the reaction vessel
constant or altering it in a controller manner, a tempera-
ture control system is provided which, in the illustrative
example shown, comprises Peltier elements 11 on the
outside of the metal block 7.

To bring the liquid fed from the stock vessel 2 to the
reaction vessel 6 up to the desired temperature, the
liquid line 5 is connected to one or more passages 12,
shown diagrammatically in the drawing, in the metal
block 7, which passage(s) is or are connected to the feed
line into the reaction vessel 6.

Through a gas line 13, branching off from the carrier
gas line 1, a predetermined volumetric flow of carrier
gas is fed via a volumetric flow control device 14, only
indicated in FIG. 1, which may be, for example, a ther-
mal mass flow controller, and a line 15 to the dip tube or
fritted tube 16, which ends in the lowest region of the
reaction vessel 6. From there, the carrier gas bubbles
rise through the liquid contained in the reaction vessel 6
and are thus saturated. The gas mixture leaves the reac-
tion vessel 6 through a mixture line 17.

The volume of the reaction vessel 6 is chosen to be as
small as possible; however, it takes up at least 1.5 to 2
times the liquid volume required for each individual
process charge. For example, the volume of the reac-
tion vessel is in the range of 10-20 ml and the height-
/diameter ratio of the reaction vessel 6 is approximately
in the range 4:1 to 8:1.

In the embodiment shown in FIG. 2, the reaction
vessel 6' differs from the embodiment according to
FIG. 1 only in that the diameter or horizontal cross-sec-
tional area of the reaction vessel 6’ is substantially
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greater in its upper part 6a in the region of the level
sensor than in its lower part 6b. The result is that the
level changes arising with changes in the liquid volume
in the reaction vessel 6' are very small.

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

The entire text of all applications, patents and publi-
cations, if any, cited above and below are hereby incor-
porated by reference.

What is claimed 1s:

1. A device for producing a gas mixture with a liquid
by saturation, the device having a stock vessel (2) for
containing the liquid and a dip tube (16) for introducing
a carrier gas into the liquid, wherein the stock vessel (2)
is connected via a liquid line (5) to a separate reaction
vessel (6) to which the carrier is fed via the dip tube
(16), the reaction vessel having a volume substantially
smaller than the volume of the stock vessel (2), the
reaction vessel (6) having a contactless level sensor (8)
which precisely controls a flow regulation instrument
(10) in the liquid line (5) leading to the reaction vessel
(6), and to maintain a substantially constant liquid level
in the reaction vessel, a temperature control system (11)
disposed in juxaposition with the reaction vessel, the
temperature control system comprising a metal heat
sink (7) completely surrounding and in direct contact
with the reaction vessel (b) with Peltier elements in
direct contact with the heat sink (7) so as to precisely
control the temperature thereof.

2. The device according to claim 1, wherein the reac-
tion vessel (6) is made of quartz and 1s disposed 1n a
metal block (7) connected to the temperature control
system (11).

3. The device according to claim 2, wherein the lig-
uid line (5) coming from the flow regulation instrument
(10) passes through at least one path (12) through the
metal block (7) to the dip tube (16).

4. The device according claim 1, wherein the reaction
vessel (6) has a height/diameter ratio approximately in
the range from 4:1 to 8:1.

5. The device according to claim 1, wherein the flow
regulation instrument in the liquid line (5) is designed as
a two-point controller having a valve (10) which can be
switched between a closed position and an open posi-
tion.

6. The device according to claim 1, wherein the diam-
eter of the reaction vessel (6") is substantially greater in
its upper part (6a) in the region of the level sensor (8)
than in its lower part (6).

7. An apparatus for producing a gas mixture by satu-

rating a carrier gas by passing the carrier gas through a

liquid, the apparatus comprising:

a feed line for conveying the carrier gas;

a reaction vessel containing the liquid therein at a
selected level: the reaction vessel having the feed
line for conveying the carrier gas opening therein
at a level below the selected level of the liquid,
wherein the carrier gas passes through the liquid to
produce the gas mixture which passes through an
outlet in the reaction vessel;

a supply vessel having a volume substantially greater
than the reaction vessel; being separate from the
reaction vessel, and being connected thereto by a

liquid supply line;
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means for sensing the level of liquid in the reaction
vessel and for generating a signal indicating that
the level of liquid has dropped below the selected
level so as to continuously maintain the liquid at
the selected level;

means connected to the sensing means for causing
liquid in the supply vessel to flow through the
liquid supply line to the reaction vessel upon gener-
ation of a signal by the sensing means; and

a temperature control system comprising a metal heat

10

sink completely surrounding and in direct contact

with the reaction vessel, the heat sink having Pel-
tier elements in direct contact therewith so as to
precisely control the temperature of the reaction

vessel.
8. The apparatus of claim 7, further including heating

means associated with the liquid supply line for heating
the liquid before the liquid passes into the reaction ves-

sel.
9. The apparatus of claim 7, wherein the reaction

vessel is lined with quartz.
10. The apparatus of claim 7, wherein the means for

causing liquid to flow includes a pressure line connect-
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ing the carrier gas line to the supply vessel for pressuriz-
ing the supply vessel in order to force the liquid to flow
from the supply vessel to the reaction vessel.

11. The apparatus of claim 7, wherein the sensing
means includes a contactless sensor disposed in proxim-
ity with the reaction vessel and aligned with the se-
lected level therein.

12. The apparatus of claim 11, wherein there is a
single contactless sensor disposed in proximity with the
reaction vessel to insure that the gas bubbles through
the liquid over a path of constant length.

13. The apparatus of claim 7, wherein there is a single
reaction vessel.

14. The apparatus of claim 7, wherein the reaction
vessel includes a lower portion and an upper portion,
the upper portion having a relatively large horizontal
cross-sectional area as compared to that of the lower
portion wherein changes in liquid level in the reaction
chamber as a result of changes in volume are relatively
small, there being a single contactless sensor aligned
with a selected desired level of the top surface of the

liquid in the upper portion.
| * %k %k * %
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